Twelve permnnent vegetation sampling plots were established on Greatheart and Church mesas in Zion National Park, Utah. Both relict mesas are surrounded by cliffs but contain the same variety of soil conditions as the nearby "msinland." The mesa vegetation was segregated into the following broad community types: mixed conifer forest, ponderosa pine savanna, Gnmbel oak woodland, pinyon woodland, snowberry-sagebrush steppe, and oak-sagebrush shrubland. Cover of all species was measured in the plots, in addition to tree stem density. Relationships of each community type to topo-edaphicfaetorsnnd response to t&are-noted. The mesa ecosystems can be used as standards to gauge the various effects of resource exploitation on analogous "mainland" areas.
Relict areas are of value to wildland managers as points of reference against which to gauge successional changes induced by land use activities. Perceptions of the degree of human modification are sharpened by such comparison, which lends an important historical perspective to the land quality evaluation process. Changes in ecosystem structure have a direct bearing on the amount of forage produced, in addition to affecting other wildland values such as watershed quality, timber production, and wildlife habitat. Knowledge of relict ecosystems can assist managers in planning activities by illustrating different resource levels than are found in the more prevalent, modified landscapes.
Potential for range improvement can be predicted with greater accuracy if careful consideration is given to relict areas within the region of interest.
The relicts under consideration in th% paper, Greatheart and Church Mesas, are but 2 of nearly 40 mesas in the high dissected confines of Zion National Park, Utah (Fig. I) . All of these mesas have a fairly level, vegetated summit related to the presence of the Temple Cap and/or Camel Formation (Hamilton 1978) . Zion National Park lies on the western margin of the Colorado Plateau, a region that contains many isolated, and hence pristine, mesas. However, most studies of relict mesas in the Colorado Plateau have focused on ecosystems more typical of lower elevations, i.e., pinyon-juniper woodland, sagebrush shrubland, or desert grassland (Jameson et al. 1962; Schmutz et al. 1967; Mason et al. 1967; Kleiner and Harper 1972 , 1977a . Studies of relict mixed conifer (Abies-Pseudotsugo-Pinus ) forest, ponderosa pine (Pinus ponderma) forests or savannas, and Gambel oak (Quercus gambelii) woodlands have apparently been limited to Mason and West's (1970) report of a brief visit to Timber Top Mesainside the Kolob Section ofZionNational Park (Masonand West 1970) . These authors reached this heretofore inaccessible mesa by helicopter and noted fire evidence in the mountain brush community (dominated by Gambel oak), ponderosa pine forest, and Douglas fir (Pseudotsugo menziesii)forest.
No wildlife species larger than a chipmunk (Eutamias sp.) were seen on the mesa. Since Timber Top Mesa is bounded on allsides bysheercliffs, it is apparently unvisited by large herbivores like mule deer (Dama hemionus hemionus(Rafinesque)). Thissituationlowersthe value of the vegetation structure for comparison purposes, since it did not develop with the type of browsing pressure that characterized normal "mainland" systems in pre-European times. Mule deer signs have been observed on both mesas in our study. This paper describes the vegetation on Greatheart and Church mesas. Its purpose is to provide a clearer picture of presettlement conditions of mid-elevation plateaus of southwestern Utah.
Description of Study Area
Greatheart and Church mesas are located in the center of Zion National Park (Fig. 2) . Greatheart Mesa is I km west of the Horse Pasture Plateau and is 85 ha (210 acres) in sire. Church Mesa (an unofficial name not yet on USGS maps) lies 2 km south of the Horse Pasture Plateau and 2 km west of the Zion Lodge. Church Mesa is I50 ha (370 acres) in she.
The vegetated summits of Greatheart and Church mesas lie between the elevations of 2,160 m (7,092 ft) and 2,259 m (7,410 ft), and 2,150 m (7,058 ft) and 2,254 m (7395 ft), respectively. The higher parts of the mesa tops are capped with limestone from the Carmel Formation.
The remainder of each vegetated summit is underlain by sandstone and shales of the Temple Cap Formation (Hamilton 1978) . The sheer 150. to 300-m (500 to 1,000 ft) cliffs that circumscribe the 2 relicts are carved from Navajo sandstone.
Soils on the ridgetops are in the Paunsaugunt gravelly silt loam series, while the slopes are covered by the deeper Kolob-Detra association. Level areas near the rim of the mesas feature Kinesava fine sandy loam (Madany 1981) . Soils of Zion National Park are described in more detail by Mortensen et al. (1977 Nelson (1976) .
Mule deer droppings, tracks, and antlers were seen on both mesas. Cougar (Felis concolor kaibabensis (Nelson and Goldman) ) tracks, and a possible den, were found on Church Mesa. No permanent water was found on either mesa, although a seepage spring was seen on Church Mesa. Presumably, large mammals would have to leave the mesa regularly to obtain drinking water. The high elevation precludes year-round use by mule deer. The presence of large mammals in these relict areas adds to the comparison value of the vegetation since they developed under browsing pressure from the same species as on the "mainland." Diggings of what were presumed to be pocket gophers (Zbomomys sp.) were also seen on Church Mesa.
Methods
Greatheart Mesa was visited by helicopter on November 4,1978. Thus, the vegetation sampling that took place there did not register the presence of some of the more ephemeral forb species. Three days were spent on Church Mesa (August 15-17, 1979) when a * JOURNAL OF RANGE MANAGEMENT 37(5), September 1984 much higher proportion of the flora was in identifiable condition. Two permanent vegetation sampling plots were established on Greatheart Mesa and 10 were placed on Church Mesa (Fig. 2) . All plots had a metal reinforcement bar placed at the northeast corner. Each 20X15-m plot was subjectively located in a homogenous portion of vegetation. All plots were chosen to correspond with the physical variables of objectively chosen sampling points on the nearby Horse Pasture Plateau (Madany 1981, Madany and West 1983) . At each plot, the physical environment was quantified by measuring elevation and slope and assigning various categories such as topographic position, bedrock, and soil type. All tree stems greater than 5-cm dbh were recorded by species and size class for the entire plot. Cover of saplings, shrubs, forbs, and graminoids was visually estimated by species in each of 4 5X5-m subplots at the corner of the main plot. Increment cores were taken from several trees in each plot.
Nine partial cross-sections of fire-scarred ponderosa pine were cut on Church Mesa using the methods outlined by Arno and Sneck (1977) . Descriptive notes were made concerning ecological conditions of the 2 mesas. Numerous color slides and black-andwhite photographs were taken to document conditions.
Results and Discussion
The 12 sampling plots were subjectively grouped into 5 cover types based on the dominant species in the upper-most strata of the community. These units are mixed conifer forest, ponderosa pine savanna, Gambel oak woodland, pinyon pine woodland and snowberry-sagebrush steppe. For each of these units, the constancy (where more than I plot was sampled), average cover, and density (for trees) will be presented. Remarks are also made pertaining to edaphic affinities, response to fire, and general structure. Table 1 summarizes vegetation data for this very limited vegetation unit found only on shaded northern and eastern slopes. In the sample plot, white fir was the only conifer; however, in other locations Douglas fir and ponderosa pine made up part of the canopy. Three white fir and 1 Gambel oak were cored, giving the following ages: 102, 125, 173, and 116 years, respectively. There was no direct evidence that the most recent fire of 1964 had burned this particular stand. The understory of this stand was dominated by small Gambel oak and mountain snowberry. For details on the effects of fire in an extensive area of mixed conifer forest on a mesa just north of Church Mesa, see Madany (1981) . Mixed conifer forest stands on the Horse Pasture Plateau tend to occur in similar topo-edaphic situations.
Mixed Conifer Forest

Ponderosn Pine Savanna
All communities dominated by ponderosa pine that were visited on Church and Greatheart mesas possessed a savanna physiognomy with a discontinuous canopy and a herbaceous-dominated groundlayer (Fig. 3) . No closed forests were seen in contrast with the prevalent situation on the nearby Horse Plateau (Madany 1981, Madany and West 1983) . A variety of edaphic conditions support ponderosa pine savanna. These include level areas near the rims of both mesas on soils (probably Kinesava fine sandy loam) derived from Temple Cap sandstones and shales; a north-facing slope of 15-20" on Church Mesa on soils of the Kolob-Detra association; and shallower, gravelly sites on Paunsaugunt gravelly silt loam along the central ridgetop of Church Mesa underlain by limestone of the Carmel Formation.
The canopy was composed almost entirely of ponderosa pine ranging in age from 100 to 360 years. A few scattered Rocky Mountain or Utah junipers, white firs, or Douglas-firs were seen occasionally. Several regeneration groves of ponderosa pine of approximately 60 years of age were seen on Church Mesa. These presumably date from the 1919 generation that is so widespread throughout the Southwest (Arnold 1950 ). However, nowhere was Table 1 . Specks contributions to constancy (%), cover ($) and tree density (stems/ka) for five plant community types on two isolated mesas in Zion National Park. the continuous layer of pine stems of that age seen that characterize the understory of ponderosa pine forests on the mainland (Madany and West 1983) . As indicated in Table I , only Gambel oak and mountain snowberry have a considerable amount of coverage in the shrublayer of this community type. A wide diversity of shrubs (I7 species) were present, but nearly all had less than 2% cover. The effects of the most recent fire (in 1964) on the Church Mesa stands were quite evident. Utah serviceberry was diminutive in stature and only rarely were individuals seen that were over a meter in height. the shrublayer, with white fir being locally common on the north slope of the central ridge on Church Mesa. These saplings presumably date from after 1964. A fire frequency interval of 69 years (with a range of 56 to 79) was determined from analysis of the 9 partial crosssections cut from fire-scarred pines. This is much lower than the 4 to 7 years frequency interval for the "mainland"
Growth form Species
Horse Pasture Plateau (Madany and West 1980) .
The most important grasses, in terms of cover, are nearly all of the cool-season growth habit: muttongrass, squirreltail, needleand-thread, and Letterman needlegrass. Mountain muhly (Muhlenbergia montana) is the only warm-season grass of note. In contrast to the above-mentioned cool season grasses, mountain muhly is quite rare on the nearby Horse Pasture Plateau (Madany and West 1983) . Among forhs, low goldenrod (Solidago multiradiara) is notable in its relatively high coverage. Cheatgrass (Bromus lectorum)was restricted in its occurrence to areas beneath juniper trees killed in the 1964 fire. Presumably, there were few herbs directly below the juniper before 1964. Following the intense heat generated by the burning juniper, the cheatgrass apparently invaded to occupy the sterilized soil. The appearance of this alien, several kilometers from the nearest mainland seed source can he either attributed to animal vectors or wind dispersal.
Gambel Oak Woodland
This widespread community type covered at least 50% of both mesas and was found in the same general range of sites, and on similar soils, as the ponderosa pine savanna. As on the"mainland" (Madany and West 1983) , the reasons why a particular spot is dominated by Gamhel oak rather than ponderosa pine are unclear. The clonal habit of the oak produces a complex community patterning with mattes of the small tree interdigitating with grassland and savanna in intricate mosaic (Fig. 4) . Sampling such a community was difficult since conditions directly beneath the canopy tended to be quite different (both physically and biotically) from the small openings that separate each matte. As a rule, shrubs and certain forbs are more prominent in the direct shade of the clone interior, while grasses dominated the interspaces. From the 3 oaks and I maple cored in the 2 stands (both on Church Mesa), the followingages were derived: 62,64, 1 13, and 65 years, respectively. This woodland community is not as flammable as the savanna and snowberry-sagebrush steppe. On Church Mesa, a variety of responses of Gambel oak to fire were observed. Isolated clones surrounded by grass were killed to the ground and werevigorously resprouting.
Areas of woodland that bordered on savanna or snowberry-sagebrush steppe showed evidence of burning with many of the lower branches being killed on the oak. Losses of entire mature stems ranged from about IO-30%. Areas further away from more flammable communities did not appear to have burned. The presence of large stems of presumably more sensitive species like big-tooth maple and chokeberry (Prunus virginiana)in burned stands indicates that fires were both patchy and of low intensity. Fires probably burn into the Gambel oak woodland along the grassy interspaces, but eventually burn out in the moist fuels of the interior of oak mows.
As can be seen in Table 1 , the most prominent shrubby associate of Gambel oak in the shrublayer is mountain snowberry. A variety of herbaceous species is present, reflecting the physiognomic heterogeneity of the community. Streambank wheatgrass (Agropyron riparium), muttongrass, and Letterman needlegrass are especially characteristicgraminoids.
Tarragon (Artemisiodracunculus). tuber starwort(Stellariajamesiana), lowgoldenrod,and showeygoldeneye (Viguiera multiflora) are the most prevalent forbs.
Pinyon Woodland
This community occupies the driest sites on both mesas, favoring southern and western exposures, often in areas with bedrock outcrops. The sole stand sampled in our study was on a west-facing slope of 26' on Greatheart Mesa. A fire had probably not burned the locale for a century or more. One pinyon was cored and yielded anageof2lOyears. ThedenseunderstorywasmadeupofGambel oak, Utah serviceberry, greenleaf manzanita, and true mountain mahogany (Cercocarpus monranus). Since sampling was done in early November, the cover and number of herbaceous species is doubtless under-represented (Table I) . Nevertheless, the conchsion can be drawn that the pinyon woodland, like the mixed conifer forest, lacks a sizeable herbaceous groundlayer.
Unfortunately, a sample plot was not placed in this vegetation type on Church Mesa. However, several observations can be made. A number of mature pinyons killed in the 1964 fire were seen in both level, grassy, and steeper, rockier sites. Also, true mountain mahogany is lacking on Church Mesa. This anomaly is curious, as the shrub is found on both Greatheart Mesa and Burnt Mountain (a mesa I4 km to the northwest).
The pinyon woodland type on Church Mesa is generally restricted to steeper sites than Greatheart Mesa, with corresponding sparser understory and groundlayer vegetation. The different fire histories of the 2 mesas may be one factor in effecting this condition.
Snowberry-Sagebrush
Steppe One plot was established in this community type on Church Mesa. The proper topographic conditions conducive to low shrub steppe development are apparently not found on Greatheart Mesa. This community type occupies a well-defined alluvial depression at the north end of Church Mesa that is between 5 and IO ha in area. While an intermittent stream channel is shown dissecting this community on the official USGS topographic map (see Zion National History Association 1977). we did not find any visible channel at any point in the entire valley. By contrast, gullying and deeply incised channels are common phenomena in analogous valleys on the Horse Pasture Plateau.
Big sagebrush, mountain snowberry, and sticky-leaf rabbitbrush (Chrysothamnus  viscidif2orus) are all present in youthful vigor. The sagebrush presumably has reproduced from seed followingthe 1964firethatburned theentirevalley,whiletheother2shrubshave resprouted.
However, due to their low stature, the visual dominance is usurped by the grasses. From Table I , one can see that needle-and-thread contributes nearly half of the cwer of the community. The species richness and high coverage of the mesa community (when contrasted with similar sites on the plateau) is a situation which can probably be attributed to the better water relations of the undissected soil.
Oak-Sagebrush Shrubland
Unfortunately, no plots wereestablished in this community type on either mesa. While being quite similar to an analogous community sampled on the Horse Pasture Plateau (Madany 1981) , the mesa communities seemed to have a much higher grass component. This shrubland is restricted to level sandy soils near the rim of the mesa on areas underlain by the Temple Cap Formation. Dominance appeared to be shared between shrub form (usually less than 2 m) Gamhel oak, big sagebrush, needle-and-thread, and blue grama. This community occasionally merged into Gambel oak woodland or ponderosa pine savanna. The relative abundance of shrubs vis-a-vis grasses would seem to be mediated by the frequency of fire.
Conclusion
The results of the vegetation sampling conducted on the 2 mesas show the importance of perennial herbaceous species in the groundlayer of all but 2 rather minor vegetation types. This contrasts with conditions on the formerly grazed Horse Pasture Plateau (Madany 1981, Madany and West 1983) . The savanna physiognomy ofthe ponderosa pine stands is quite similar to conditions described by Rummell(l951) and Franklin et al. (1982) on Meeks Table in central Washington.
Accounts of various early explorers in the West give the impression that the typical structure of ponderosa pine communities was indeed savanna (Cooper 1960) . The results of studies of lower elevation mesas in Arizona and Utah (Jamesonetal. 1962 , Mason etal. 1967 , Schmutzetal. 1967 ) were similar to those of our study, In fact, many of the same species of grass are dominant on the mesas they studied and this study area. The presence of these relicts complements and corroborates the historical accounts of the pristine vegetation before impacts of livestock grazing, logging, and fire control began. Declines in forage production, wildlife habitat quality, and watershed characteristics may be gauged by the careful comparison of these mesas and adjacent "mainland"areas.
See Madany and West (1983) for a discussion of these issues.
Current National Park Service policy regarding land management objectives is to restore, through a variety of approaches, ecosystems that have been affected by European man (Bonnicksen and Stone 1982) . The data presented here can contribute to a comprehensive effort to restore pre-settlement conditions in the modified upper elevation ecosystems of Zion National Park.
